Abstract: Activity restriction in hospital is commonly prescribed by care providers to decrease the incidence of maternal or fetal morbidity in high-risk pregnancies. The purpose of this pilot descriptive study was to collect preliminary data on dietary intake, capillary blood glucose concentrations, and activity level in high-risk, activity-restricted, pregnant women in the third trimester of pregnancy. Dietary food intake records, capillary blood glucose, and daily pedometer step totals were investigated in 20 activity-restricted women over 7 consecutive days in hospital. Subjects were asked to collect hospital meal tickets, as well as record any additional items not provided by the hospital in a dietary log each day. Capillary blood glucose was collected every morning (fasting) as well as 1 h after breakfast (post-prandial) using a glucometer. Subjects wore a pedometer 24 h/d, and recorded step totals 4 times daily in a pedometer log. In the analysis, average energy and macronutrient intakes met dietary reference intake (DRI) recommendations, as did average intakes of all micronutrients, including maternal supplementation. Without supplementation, vitamin E and iron intakes were lower (p < 0.05) than the DRI recommendations. Average fasting (4.6 ± 0.5 mmol/L) and post-prandial (7.1 ± 1.0 mmol/L) blood glucose concentrations in subjects without gestational diabetes (GDM) did not exceed Canadian Diabetes Association cut-off values for screening of GDM. The mean daily step total of 1579 ± 936 was lower than ambulatory third-trimester women (6495 ± 2282 steps; p < 0.001). Results from this pilot study suggest that with maternal supplementation, these activityrestricted, hospitalized, pregnant women were meeting dietary recommendations, and did not have elevated capillary blood glucose. However, given the severity of activity restriction, these women may be at risk for consequences of extreme inactivity.
Introduction
A high-risk pregnancy is defined as a condition (i.e., multiple fetuses, preterm labour, placenta previa, etc.) in which the mother or fetus has significantly increased probability of death or disability (Maloni 1996) . Activity restriction in hospital is commonly prescribed by care providers to decrease the incidence of maternal or fetal morbidity in high-risk pregnancies (Goldenberg et al. 1994; Maloni 1996) . Approximately 18% of all pregnant women are activity restricted in hospital each year (Goldenberg et al. 1994) . No research to date has assessed actual dietary intake or capillary blood glucose concentrations in this population, nor has the activity level of activity-restricted pregnant women been compared with ambulatory pregnant women using pedometers.
The aim of the present pilot study was to collect preliminary data on dietary intake, capillary blood glucose concentrations, and activity level in activity-restricted women in hospital owing to high-risk pregnancies during the third trimester of pregnancy.
Adequate nutrition during pregnancy is essential for the maintenance of maternal health, as well as fetal growth and development. Currently, numerous nutritional guidelines and recommendations exist for healthy pregnant women, including dietary reference intake (DRI) recommendations (Food and Nutrition Board of the Institute of Medicine 2005; Health Canada 1999; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b . However, the dietary intake of highrisk pregnant women on activity restriction has never been assessed as part of a research protocol.
The recommended intakes for energy and many nutrients are increased during pregnancy (particularly during the second and third trimesters); these nutrients include protein, carbohydrate, iron, zinc, magnesium, essential fatty acids, fibre, folate, and vitamins A, B 6 , B 12 , and C (Food and Nutrition Board of the Institute of Medicine 2005; Health Canada 1999; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b . In addition, protein, calcium, iron, folate, vitamin D, zinc, and essential fatty acids are known to be of special concern during pregnancy, as there is a potential for inadequate intake in some women (Food and Nutrition Board of the Institute of Medicine 2005; Health Canada 1999; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b . A review of dietary intake studies indicates that pregnant women are unlikely to meet recommendations for iron, zinc, calcium, folate, and vitamins B 12 , C, D, and E (Menard 1997) . However, iron and folate are the only micronutrients for which routine supplementation is prescribed during pregnancy (Gunderson 2003; Menard 1997; Picciano 2003) . In addition, current evidence suggests that women with multi-fetal pregnancies have increased needs for weight gain, energy, essential fatty acids, iron, calcium, vitamin D and some other nutrients, compared with women with singleton pregnancies (Bo et al. 2001) . The Institute of Medicine recommends the following supplementation (per day) in the second and third trimesters for multiple pregnancies: 30 mg iron, 15 mg zinc, 2 mg copper, 250 mg calcium, 2 mg vitamin B 6 , 300 mg folate, 50 mg vitamin C, and 5 mg vitamin D (Brown and Carlson 2000; Food and Nutrition Board of the Institute of Medicine 1990; National Academy of Sciences 1990; Rosello-Soberon et al. 2005) . Brown and Carlson (2000) have calculated that women pregnant with twins might require an extra 150 kcal/d (627 kJ/d) above the recommendation for singleton pregnancy to gain enough weight. However, due to the lack of research, there are no specific estimated energy requirement (EER), recommended dietary allowance (RDA), and adequate intake (AI) recommendations for multi-fetal pregnancies, nor have glycemic targets been established for this population. It has been suggested that use of the current Institute of Medicine recommendations, along with pregnancy monitoring, is the prudent course of action for managing nutrition in multifetal pregnancies (Brown and Carlson 2000; RoselloSoberon et al. 2005) .
In addition to the lack of literature regarding dietary intake of high-risk, activity-restricted, pregnant women, very little research has been conducted to examine the physiological effects of activity restriction in pregnancy. Activity restriction for as little as three days may induce peripheral insulin resistance, glucose intolerance, and hyperglycaemia in trained men (Arciero et al. 1998) . In late pregnancy, women develop peripheral insulin resistance and higher post-prandial blood glucose concentrations to accommodate the energy needs of the growing fetus (Catalano et al. 1993; Catalano et al. 1999 ). This physiological adaptation puts some women at risk of developing gestational diabetes mellitus (GDM), which is glucose intolerance with onset or recognition during gestation (Meltzer et al. 2000; Ur et al. 2000) . Inactivity during pregnancy has also been shown to induce physiological de-conditioning, and an increased risk of hyperglycaemia, similar to that encountered during activity restriction (MacPhail et al. 2000) . Thus, a combination of activity restriction and pregnancy could potentially augment the risk of GDM in some women, especially those on complete activity restriction for an extended period of time during late pregnancy. It is therefore useful to assess capillary glucose concentrations, as well as the degree of inactivity, during activity restriction in pregnant women while hospitalized.
Materials and methods
Ethics approval for involvement of human subjects was obtained through the University of Western Ontario and St.
Joseph's Health Care, London, Ontario. Women who were hospitalized and activity-restricted in the antenatal ward of St. Joseph's Hospital, London, due to high-risk pregnancies were recruited to participate in this study. Subjects had been hospitalized for a minimum of 3 d prior to beginning the study, and were in the third trimester of pregnancy. Women who were on total parenteral nutrition were excluded. Each subject was approached in an interview setting, and provided with an information sheet and consent form. Subjects were given detailed instruction on how to complete daily dietary, capillary blood glucose, and pedometer logs. Dietary intake, capillary blood glucose, and pedometer data collection occurred over the same 7 d for each subject.
Food intake records
Subjects were asked to collect their hospital meal tray tickets following each meal for 7 consecutive days. They were shown how to record on each of their meal tray tickets the actual amount of each food item they consumed, using estimations in household measures. Subjects also recorded intake of any additional items not provided by the hospital meal service. Dietary intake included all food, liquids, snacks, and supplements taken.
Dietary intake was analyzed using The Food Processor1 SQL version 9.2 (ESHA Research 2002 including the Canadian Nutrient File. Daily food intake was divided into food group servings, according to Canada's food guide to healthy eating (Health Canada 1997; Health Canada 1999) . The intake of energy and nutrients were compared with the current DRI recommendations (Food and Nutrition Board of the Institute of Medicine 2005; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b .
Calculated nutrient intake
Dietary intake assessments provided estimates of actual daily intake of energy, macronutrients, and micronutrients for each subject. Recommended daily energy intake for each subject was calculated based on the following formulas (Food and Nutrition Board of the Institute of Medicine 2005):
½1
Adult woman EER ¼ 354:1 À ð6:91 Â ageÞ þ ðPA level Â ð9:36 Â body massÞÞ þ ð726 Â heightÞ
of weeks pregnantÞ
where EER is the estimated energy requirement in kilocalories per day (1 kcal = 4.184 kJ), PA is physical activity, age is measured in years, body mass is measured in kilograms, and height is measured in metres. The coefficient for PA level is 1 for sedentary individuals. Recommended daily protein intake was calculated for each subject as follows: 1.1 gÁkg -1 Ád -1 Â kg body mass (Food and Nutrition Board of the Institute of Medicine 2005). Recommended daily fat and saturated fat for each subject were calculated as 28% and 9%, respectively, of total daily energy intake.
Capillary blood glucose concentration measurements
Subjects were instructed on how to use a glucometer with glucose electrodes (Precision Xtra TM , Medisense1, Abbott Laboratories). All glucometers used in this study were routinely calibrated and validated against control solutions provided by the manufacturer, to ensure accuracy of results to within the accepted 15% measurement error for capillary blood glucose monitoring devices (American Diabetes Association 1990). Glucometers were used to measure fasting capillary blood glucose concentration every morning, as well as 1 h after breakfast, for the same 7 consecutive days.
Pedometer and activity log Subjects wore a pedometer (Accusplit1, Eagle TM 120 Activity Pedometer) 24 h/d for 7 consecutive days while in hospital. Subjects were asked to remove the pedometer only to bathe or shower.
Step totals were recorded by subjects in the pedometer log four times daily: 08:00, 12:00, 17:00, and before sleep at night.
Statistical analysis
Mean daily intake of energy and protein were compared with individually calculated EER and RDA recommendations using Wilcoxon two-sample tests (Conover and Iman 1981) . Mean daily group intake values for essential fatty acids, carbohydrate, and fibre were compared with RDA or AI recommendations for pregnant women using one-sample t tests (Food and Nutrition Board of the Institute of Medicine 2005). Mean daily group micronutrient intakes were compared with RDA or AI recommendations for pregnant women (Food and Nutrition Board of the Institute of Medicine 2005; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b ) using one-sample t tests; first using values calculated without maternal micronutrient supplementation, and secondly using values including micronutrient supplementations. All subjects were compared with recommendations for singleton pregnancies, given that there are no current EER, RDA, or AI recommendations for multiple pregnancies.
Mean daily fasting and post-prandial glucose concentrations in non-GDM subjects were compared with the cut-off values used as criteria in GDM glucose-screening tests: <5.3 mmol/L (fasting) and <7.8 mmol/L (1 h after 50 g standard glucose load). These comparisons were made using one-sample t tests. The aforementioned cut-off values for GDM screening tests are also recommended by the Canadian Diabetes Association (CDA) for best neonatal and maternal outcomes (Clark et al. 2003; de Veciana et al. 1995; Drexel et al. 1988; Evans and Patry 2004; Harris and Lank 2004; Jovanovic and Pettitt 2001; Meltzer et al. 2000; Mensing et al. 2004; Ur et al. 2000) .
The mean for daily step total for the hospitalized pregnant women was compared with unpublished data collected in a group of ambulatory, sedentary, pregnant women (n = 19), using Wilcoxon two-sample tests. An a level of p < 0.05 was used to judge significance in all statistical tests.
Results

Subject characteristics
Twenty subjects (31 ± 5 years of age) participated in the study. All subjects were in the third trimester of pregnancy, and had been activity restricted in hospital for a minimum of 3 d, to a maximum of 69 d, with an average activity-restriction time of 22 ± 19 d. The reasons for activity restriction included multiple pregnancies (7 subjects: 4 twins, 2 quadruplets, 1 triplets), preterm labour (4 subjects), placenta previa (4 subjects), ruptured membranes (2 subjects), incompetent cervix (1 subject), and hypertension (2 subjects). Of the 20 subjects, 2 also had gestational diabetes in addition to the conditions for which they were activity restricted (placenta previa and hypertension). Fourteen women (70%) completed dietary records, 7 (non-GDM) women (35%) volunteered to provide capillary blood glucose concentrations, and 16 (80%) participated in the pedometer log component of the study.
Dietary records
Energy, macronutrient, and fibre intake
Dietary intake analyzed using The Food Processor1 SQL version 9.2 (ESHA Research 2002 provided estimates of actual daily intake of energy, macronutrients, and micronutrients for each subject. Mean daily intake of energy and macronutrients over the 7 d, and corresponding DRI recommendations for pregnant women with singleton pregnancies, are presented in Table 1 (n = 14). On average, energy, dietary fat, protein, and carbohydrate recommendations were met. There was no significant difference between individually calculated EER and average daily energy intake. On average, subjects consumed approximately 211 kcal (882 kJ) over the EER for a singleton pregnancy, and none had a mean daily energy intake below 1530 kcal (6395 kJ). Of the 14 subjects, 4 (29%) had actual energy intake lower than their individually calculated EER. One of these subjects was carrying twins. This subject's actual mean daily intake was 2186 ± 403 kcal/d (9137 ± 1685 kJ/d), compared with the recommended value of 2660 kcal/d (11119 kJ/d).
Mean daily protein intake was not significantly different from the individually calculated protein recommendations. Five subjects (36%) did not meet their individually calculated RDA protein recommendations, based on average daily protein intake (Table 1) . Of these 5 subjects, none were carrying multiple fetuses. Mean daily carbohydrate intake of all subjects was above the RDA (p < 0.05). Mean daily fibre intake was 10 g below the AI for pregnancy; however, not significantly so (Table 1) . Mean total fat and saturated fat intakes were 85.8 ± 21 g, and 31.1 ± 9.5 g, respectively (Table 1) . Mean intake of linoleic acid (11 ± 3 g) and a-linolenic acid (2 ± 1 g) were not found to be significantly different from recommendations (Table 1) . Ten subjects (71%) had a mean daily linoleic acid intake below AI. Three of these subjects were carrying multiple fetuses. Six subjects (43%) had a mean a-linolenic acid intake below AI recommendation. Two of these subjects were carrying multiple fetuses.
The average macronutrient intake of all subjects was within the average macronutrient distribution range (AMDR) recommendations (Food and Nutrition Board of the Institute of Medicine 2005). All subjects had an average food intake within the recommended ranges for pregnancy for all food groups (Health Canada 1999) ( Table 2) . On average, subjects met the recommendations for intake of energy and macronutrients, with the exception of dietary fibre and linoleic acid, which were lower than recommended, but not significantly so.
Micronutrient intake
Of the 14 subjects who completed the dietary record, 12 were taking some form of maternal micronutrient supplement, including all subjects with multi-fetal pregnancies. Therefore, dietary intake was analyzed before including maternal supplementation (n = 14), and after supplements had been added to daily intake (n = 12) (Table 3) . On average, with the exception of iron and vitamin E, subjects were meeting recommendations for intake of micronutrients before maternal supplementation was added to the analysis. Including maternal supplementation in the analysis, intake of all micronutrients was found to be greater than recommended (Table 3) .
Vitamins: with and without maternal supplementation Mean daily vitamin intake was compared with vitamin RDA and AI recommendations (n = 14) ( Table 3 ). On average, all subjects consumed less vitamin E than the RDA. Fifty-seven percent of subjects had an average vitamin C intake below RDA, 43% were below the vitamin B 6 RDA, 14% were below the vitamin D AI, and 7% were below the vitamin B 12 RDA. Of those subjects below the vitamin D AI, none were carrying multiple fetuses. Only intake of vitamin E was significantly below the recommended value (RDA) (p < 0.05). Ten women (71%) had at least 1 vitamin, and 6 (43%) had at least 2 vitamin intakes below the recommended RDA or AI before maternal supplementation was added to the analysis.
Including supplementation in the mean daily totals, 100% of supplemented subjects were above the RDAs for vitamins E, B 12 , C, D, and folate, and 92% were above the RDA for vitamin B 6 . Mean intake of vitamins D, E, B 12 , folate, B 6 , and C was significantly greater than RDA recommendations (p < 0.05).
Minerals: with and without maternal supplementation
When mean daily mineral intake values were compared with AIs and RDAs (Table 3 ) not including maternal supplementation, 100% of subjects were over the AI recommended daily for calcium and the RDA for phosphorus, whereas 50% were under the RDA for magnesium, 57% were under the RDA for zinc, and 100% were under the RDA for iron. Calcium and phosphorous intakes were significantly greater than the AI and RDA, respectively (p < 0.001). The mean intakes for both magnesium and zinc were not significantly different from the RDAs. Iron intake was significantly lower than the RDA value (p < 0.0001). Fourteen women (100%) had at least 1 mineral, 4 (29%) had at least 2, and 5 (36%) had at least 3 mineral intakes below the recommended RDA or AI before maternal supplementation was added to the analysis.
When mean daily mineral intakes including maternal supplementation were compared with RDA and AI values, 100% of subjects were above the recommendations for calcium, phosphorous, and iron, whereas 83% were above for magnesium, and 92% were above for zinc. When mean intakes were compared with RDA and AI, the average intakes of calcium (p < 0.0001), phosphorous (p < 0.0001), magnesium (p < 0.05), zinc (p < 0.0001), and iron (p < 0.05) were all significantly greater than the corresponding recommendations.
Capillary blood glucose concentrations
The mean fasting capillary glucose concentration for non-GDM subjects (n = 7) (4.6 ± 0.5 mmol/L) was lower (p < Table 3 . Average daily intake and recommended daily intake of micronutrients in activity-restricted, hospitalized, pregnant women in the third trimester (mean ± SD, n = 14). 
Micronutrient
(RDA)
Note: NA, not applicable (the Canadian Nutrient File database used had limited information about the folate content of foods, thus mean daily folate intake could not be calculated; all subjects took a maternal supplement with 1000 mg folate); RDA, recommended dietary allowance; AI, adequate intake. 0.05) than the GDM screening cut-off value recommended by the CDA (5.3 mmol/L) (Evans and Patry 2004; Meltzer et al. 2000; Mensing et al. 2004; Ur et al. 2000) . Mean post-prandial glucose concentration for non-GDM subjects (7.1 ± 1.0 mmol/L) was not significantly different from the recommended GDM screening cut-off value of 7.8 mmol/L (de Veciana et al. 1995; Drexel et al. 1988; Jovanovic and Pettitt 2001) . Of the capillary glucose concentrations found to exceed the GDM screening cut-off values, 77% were 1 h post-prandial (Table 4) .
Of the 7 (non-GDM) subjects who provided capillary blood glucose concentrations, 2 were carrying twins and 1 was carrying triplets. Of these subjects with multiple pregnancies, only one (carrying twins) exhibited a capillary glucose concentration that was higher than the cut-off values (subject 2, Table 4 ). This subject exhibited higher than recommended fasting capillary glucose on 1 of 7 days.
Activity level
The average daily step total for 16 subjects was 1579 ± 936 (mean ± SD) steps. Daily step totals ranged from a minimum of 271 ± 248 steps/d to a maximum of 3725 ± 1141. Compared with the group of ambulatory, sedentary pregnant women (n = 19) with a mean daily step total of 6495 ± 2282, the activity-restricted group took significantly fewer steps (p < 0.05).
Discussion
Macronutrient intake
Currently no specific nutritional guidelines exist for highrisk pregnant women who are activity-restricted, or for those with multi-fetal pregnancies (especially for women bearing more then two fetuses). No research has been conducted to examine the actual dietary intake of high-risk pregnant women during prolonged activity restriction. As such, in the present preliminary study, dietary intake of all subjects, including those with multi-fetal pregnancies, were compared with the current DRIs for low-risk, sedentary, singleton pregnant women (Food and Nutrition Board of the Institute of Medicine 2005; Health Canada 1999; Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2003a Medicine , 2003b .
Energy intake
Results of the present pilot study suggest that these activity-restricted pregnant women were not at risk for inadequate energy intake while in hospital. This is important, given that adequate energy intake is essential during pregnancy to support the growth and development of maternal and fetal tissues. Because increased energy intake is of special importance during multi-fetal pregnancies, the one subject who was below her calculated EER by more than 150 kcal/d could have benefited from a greater intake of high-energy foods and (or) more frequent meals and snacks.
The EER calculation for pregnancy accounts for change in total energy expenditure and energy deposition during pregnancy. However, no research has been conducted to determine if the specific energy requirements for activityrestricted pregnant women are in fact different from those of low-risk sedentary pregnant women. Research is therefore warranted in this area before determining adequate energy intake for activity-restricted pregnant women, especially those with multi-fetal pregnancies.
Fibre
Results suggest that the majority of subjects in the present study would have benefited from increased intake of foods high in fibre (i.e., bran, whole grain products, fruit, vegetables, legumes, seeds and nuts). A diet rich in fibres, especially insoluble fibres, with adequate hydration may help prevent constipation. In addition, a diet rich in soluble fibres aids in normalizing blood cholesterol, hyperinsulinemia and post-prandial blood glucose concentrations (American Dietetic Association 2002a; Anderson et al. 1999; Ludwig 2002 ; Food and Nutrition Board of the Institute of Medicine 2005). Thus increased fibre intake may have been beneficial for our subjects with elevated blood glucose concentrations.
Fat and saturated fat
Mean intake of fat and saturated fat by subjects in the present study was 31% and 12%, respectively. Excessive fat intake (specifically saturated fat) may be of concern, given potential health implications of increased blood cholesterol concentration, increased total cholesterol to high-density lipoprotein cholesterol ratio, and macrosomia, as well as the long-term risks of obesity, hypertension, and type 2 diabetes in mothers and offspring (Kjos and Buchanan 1999) . It has also been suggested that high intakes of saturated fat may contribute to hyperglycaemia and glucose intolerance in women who have been diagnosed with GDM (Bo et al. 2001) . Thus, the results of the present preliminary study imply that the activity-restricted pregnant subjects may have benefited from decreasing saturated fat intake and increasing unsaturated fat intake from plant sources, which may also have favoured a higher overall micronutrient and fibre intake.
Micronutrient intake
Vitamins and minerals
On average, before maternal supplementation was added to the analysis, subjects were meeting DRI recommendations for micronutrient intake, with the exceptions of vitamin E and iron. However, individual results of the present pilot study suggest the need for micronutrient supplementation in this population, given that before supplementation, varying percentages of subjects were below DRI recommendations for vitamins E, C, B 6 , B 12 , and D, as well as magnesium, zinc, and iron. The finding that 100% of subjects were significantly below the RDA for iron (before supplementation) is consistent with the literature, and of clinical importance given that iron deficiency during pregnancy has been associated with anemia, low birth weight, prematurity, infant mortality, and impaired post-natal development (Gunderson 2003; Kwik-Uribe et al. 1999; Menard 1997; Picciano 2003) .
It has been suggested that pregnant women should attempt to meet the RDAs and AIs for micronutrients through a well-balanced, nutritious diet (Gunderson 2003; Menard 1997; Picciano 2003) . Even though our subjects met the recommendations for the number of daily servings from each food group of Canada's food guide to healthy eating (Health Canada 1997) , their food choices were likely high in fat and saturated fat and too low in nutrient density to meet some of their increased micronutrient needs during pregnancy. According to the American Dietetic Association (2002b), pregnant women with a low-quality diet may require an appropriate multivitamin and mineral supplement to help them meet their micronutrient needs. The results of the present study suggest that these activity-restricted pregnant women would have benefited from a more micronutrientdense diet and that micronutrient supplementation helped them to meet their micronutrient needs.
Multi-fetal pregnancies
Seven of the 20 subjects in the current study had multifetal pregnancies. Current evidence suggests that women with multi-fetal pregnancies have additional increased need for weight gain, energy, essential fatty acids, iron, calcium, vitamin D, and other nutrients (Brown and Carlson 2000; Luke 2005; Rosello-Soberon et al. 2005) . The Food and Nutrition Board of the Institute of Medicine (1990) recommends micronutrient supplementation in the second and third trimesters for multiple pregnancies and an extra 150 kcal/d (627 kJ/d) above the recommendation for singleton pregnancy to gain enough weight. However, based on lack of research, there are no specific dietary recommendations or glycemic targets established for multi-fetal pregnancies. It has been suggested that until more information on this topic is available, women with multi-fetal pregnancies should follow the Institute of Medicine recommendations (Brown and Carlson 2000; Luke 2005) .
A number of subjects in the present study with multi-fetal pregnancies were below recommendations for energy, essential fatty acids, and iron (before micronutrient supplementation), suggesting that activity-restricted women with multiple pregnancies may need increased monitoring and nutritional education, given their increased nutritional demands (Brown and Carlson 2000) . Further research is warranted to examine the specific dietary needs of women with multi-fetal pregnancies.
Capillary blood glucose concentrations
Activity restriction during late pregnancy (third trimester) may have significant effects on carbohydrate metabolism. Given that activity restriction and pregnancy have both been shown to induce glucose intolerance and insulin resistance (Arciero et al. 1998; Catalano et al. 1991; Catalano et al. 1999; Cousins 1991; Kuhl 1991; Spellacy and Goetz 1963) , a combination of the two has the potential to increase the risk for hyperglycaemia. The results of the present study imply that, on average, subjects did not have hyperglycaemic tendencies. A number of subjects (4 of 7) did exhibit elevated blood glucose values compared with the CDA screening criteria for GDM, most of which were postprandial. These findings are similar to those of Catalano et al. (1999) , who showed decreased fasting blood glucose concentrations in late pregnancy, with the same subjects exhibiting post-prandial hyperglycaemia. However, it is important to note that 7 of the 13 capillary blood glucose values found to be higher than recommended were from one subject (subject 1, Table 4 ). Only 2 glucose values were outside of the accepted 15% measurement error for capillary blood glucose monitoring devices (both from subject 1) (American Diabetes Association 1990), suggesting that most subjects were within the recommended ranges for fasting and post-prandial capillary blood glucose.
Although the results of the present study suggest that the activity-restricted pregnant women we studied were not hyperglycaemic, further research is warranted to examine capillary blood glucose concentrations in this population, taking into consideration the amount of carbohydrate consumed in the meal before post-prandial measurements. As previously stated, a combination of activity restriction and pregnancy may have the potential to contribute to hyperglycaemia in this population (Arciero et al. 1998; Catalano et al. 1993; Catalano et al. 1999; MacPhail et al. 2000) . The present pilot study attempted to examine the potential for hyperglycaemia in a sample of activity-restricted pregnant women. However, the conclusions of this portion of the study are limited by the small number of subjects who completed the capillary glucose monitoring. More studies with larger sample sizes are warranted to provide stronger conclusions regarding whether or not activity-restricted pregnant women are at risk for hyperglycaemia.
It is also important to note that of the 7 non-GDM subjects who provided capillary blood glucose concentrations, 3 were carrying multiple fetuses (2 twins, 1 triplets). Multi-ple placentas have the potential to increase insulin resistance, thereby increasing the possibility of hyperglycemia in women with multi-fetal pregnancies (Bühling et al. 2001; Dornhorst and Chan 1998; Simmons and Yapa 2002; Spellacy et al. 1978) . However, only 1 of the 3 subjects with a multi-fetal pregnancy (twins) exhibited higher than recommended capillary blood glucose concentration (5.6 mmol/L, fasting) on 1 of 7 days, suggesting that hyperglycemia may not have been a concern in this small sample of women with multi-fetal pregnancies. In addition, although multi-fetal pregnancies have the potential to increase insulin resistance, it is possible that higher glycemic targets may be appropriate in women with multi-fetal pregnancies, given the potential for more rapid depletion of glycogen stores and increased risk of low-birth-weight neonates (Brown and Carlson 2000; Casele et al. 1996) . However, there is limited evidence to support glycemic targets in this population, and more research is warranted in this area.
Activity level
In addition to taking fewer steps, on average, than ambulatory sedentary pregnant women, the activity-restricted subjects in the present study also took fewer steps than sedentary non-pregnant women (7220 ± 2406 steps/d) (Wilde et al. 2001) , as well as fewer than the value expected for those living with disabilities and chronic disease (3500-5500 steps/d) (Tudor-Locke 2001) . According to the preliminary pedometer indices introduced by Tudor-Locke and Bassett (2004), people taking fewer than 5000 steps/d can be considered sedentary, at risk for numerous adverse health outcomes, and have the greatest potential to benefit from physical activity intervention. A number of potential adverse health outcomes of activity restriction have been demonstrated in pregnant women, including decreased exercise capacity due to muscular and cardiovascular de-conditioning, muscle atrophy, decreased bone mass, joint pain, sleep changes, fatigue, indigestion, decreased appetite, less than recommended pregnancy weight gain, stress, depression, and prolonged recovery (Maloni et al. 1993; Maloni et al. 1998; Maloni et al. 2006; Sprague 2004) . As previously stated, additional adverse effects of activity restriction demonstrated in non-pregnant populations include insulin resistance and glucose intolerance (Arciero et al. 1998; Catalano et al. 1991; Catalano et al. 1999; Cousins 1991; Kuhl 1991; Spellacy and Goetz 1963) . Many of these potential adverse outcomes of activity restriction may have important implications for mothers in terms of prolonged post-partum recovery and care for the infant, given that women who were activity restricted for high-risk pregnancies have reported difficulty resuming ambulation and activities of daily living in the post-partum period (Maloni et al. 1993 ). In addition, it is possible that given the severity of activity restriction in this population, deep vein thrombosis prophylaxis could be considered, depending on the etiology of the disorder that resulted in activity restriction (Kehl-Pruett 2006) .
Limitations
The nutritional analysis component of the present study was limited in a number of ways. Some subjects may not have recorded their dietary intake accurately. The Canadian Nutrient File database used had limited information about the food content of some micronutrients, including vitamin A, folate, and chromium. The intake of these micronutrients in pregnant activity-restricted women should be evaluated in future studies, especially given that chromium may play a role in the regulation of carbohydrate metabolism during pregnancy, and in the prevention of GDM (Bo et al. 2001; Catalano et al. 1993) , whereas folate is implicated in the prevention of neural tube defects (George et al. 2002; Scholl and Johnson 2000) . It may also be of value to collect dietary intake data over a number of weeks, including a larger sample size, to confirm that the data obtained are representative of the average intake for these women while in hospital. This would be especially helpful to more accurately estimate micronutrient intake. In addition, the number of subjects who consented to providing capillary blood glucose concentrations was small. It would be valuable to repeat the capillary blood glucose portion of this study with a larger number of subjects, to make more valid and representative conclusions regarding risk levels for hypergylcaemia in this population.
Conclusions
The results of the present pilot study suggest that, on average, hospitalized, activity-restricted, pregnant women were meeting DRI energy and macronutrient recommendations. Including maternal supplementation, these women were also meeting recommended micronutrient intakes. However, without maternal supplementation this population may be at risk for low intake of vitamin E and iron. In addition, activity-restricted pregnant women could benefit from a high-fibre and nutrient-dense diet to help control their glycaemia and meet the increased micronutrient needs of a singleton or multi-fetal pregnancy. Results of our preliminary work also suggest that activity-restricted pregnant women are not exceeding the capillary blood glucose screening criteria for GDM as described by the Canadian Diabetes Association (Clark et al. 2003; de Veciana et al. 1995; Drexel et al. 1988; Evans and Patry 2004; Harris and Lank 2004; Jovanovic and Pettitt 2001; Meltzer et al. 2000; Mensing et al. 2004; Ur et al. 2000) . However, given the extreme activity restriction observed, these women may be at risk for health consequences because of extreme inactivity. Further research is warranted to more comprehensively examine the nutrient intake, nutrient status, and capillary blood glucose of activity-restricted pregnant women, including those with multi-fetal pregnancies.
